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Rainfall regions 
VH - very high : greater than 750 mm 
H - high : 450 to 750 mm 
M - medium : 325 to 450 mm 
L - low : less than 325 mm 
Zones 
I: North 
2: North central 
3: Centro/ 
4 : South central 
5.: South 
Potential areas of use of Denmark and Gou/bum. In Western Australia 
• Denmark is preferred to Leura. ' 
• Goulbum suited to this area 
• Denmark suited to this area 
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TOP· This Busse/ton pasture 
could be improved with the 
new Gou/bum variety of 
subterranean clover 
This article outlines some of the testing 
procedures and subsequent selection of these 
varieties and describes their characteristics and 
potential role in Western Australia. 
Three new subterranean clovers - Denmark, 
Gou/bum and Leura - have been released in 1992 
by the National Subterranean Clover 
Improvement Program. These subterranean 
clovers are black-seeded, have low oestrogen 
levels and improved disease resistance. 
Their release offers the potential for substantial 
improvements in pasture productivity in areas of 
southern Australia that have long growing 
seasons. 
By Phil Nichols, Subterranean Clover Plant 
Breeder, and Donald Nicholas, Senior Research 
Officer, Pasture Improvement Branch, 
South Perth 
could be assessed. In the year of sowing, pesti- 
cides and herbicides were used to ensure satis- 
factory establishment. Thereafter, weeds were 
controlled by grazing management only. Trials 
were fertilised each year in autumn and in spring 
with superphosphate and potash. 
All lines were also screened and tested for 
resistance to these diseases and pests: 
• clover scorch disease, 
• the root rotting pathogens Phytophthora 
clandestina, Pythium irregulare and Rhizoctonia 
solani, 
• the foliar diseases leaf rust, powdery mildew 
and cercospora leaf-spot, 
• eight viruses of subterranean clover, 
• redlegged earth mite, and 
• bluegreen aphid. 
Existing varieties in Western Australia's 
high rainfall zone 
The variety Mount Barker, grown since the early 
1900s, is widely distributed throughout the high 
rainfall districts of the lower south-west. Mount 
Barker often persists at low densities, making the 
paddocks weedy and well below their produc- 
tion potential. It has only moderate resistance to 
clover scorch and is susceptible to several root 
rotting pathogens. 
Karridale, released by the NSClP in 1985, has 
been widely sown throughout the former Mount 
Barker zone. Though a marked improvement 
over Mount Barker, it also only has moderate 
resistance to clover scorch. 
.. 
Stipule, flower and leaf of Denmark. 
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In Western Australia, small replicated plots 
were grazed by sheep, except when stock 
were excluded so that herbage production 
Evaluation methods 
Trial management varied between sites and 
between different States, but most sites were 
grazed, and production and persistence of the 
breeding lines were compared with commer- 
cial varieties. 
Denmark, Goulburn and Leura were derived 
from seed collected by Dr C.M. Francis and Mr 
D.J. Gillespie on the Italian island of Sardinia in 
1977. Each was collected from sites with at 
least 750 mm annual rainfall and from grey, 
gritty sands with a pH between 5.5 and 6.0. 
The sites were grazed frequently by sheep. 
Dr J.S. Gladstones and Dr W.J. Collins selected 
Denmark, Goulburn and Leura as three of 97 
breeding lines of late-midseason to late 
maturity for initial field testing throughout 
southern Australia in 1982. The field testing 
was part of the National Subterranean Clover 
Improvement Program (NSCIP). This initial 
group of breeding material was gradually 
narrowed down to 10 superior lines, which 
entered final evaluation trials in 1987. 
Denmark, Goulburn and Leura were selected 
for registration as new varieties in 1990. This 
followed eight years of testing at more than 40 
sites throughout the high rainfall regions of 
southern Australia. 
Origins .. 
Collecting subterranean 
clover seed in Sardinia. 
The three new varieties 
came from areas such as 
this, with light acid soils 
and heavily grazed by 
sheep. 
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Disease and pest resistance 
Denmark has excellent tolerance to a range of 
diseases (see Table 2). It is resistant to clover 
scorch and represents a significant improve- 
ment over Karridale and Mount Barker. It has 
better resistance to root rots and leaf rust than 
Mount Barker and Karridale, and has some 
tolerance to the less important diseases 
powdery mildew and cercospora leaf-spot. 
Denmark is just as susceptible to seedling 
damage by redlegged earth mite as other 
varieties. However, it does not suffer as much 
damage as other varieties from this pest in 
spring. It has a similar level of tolerance to 
bluegreen aphid as other varieties. 
Variety Days to flowering Formononetin % hard seed 
in Perth content after 4 months 
(Sown in early (% dry matter) (laboratory test) 
May) 
Denmark 142 Trace 9.5 
Goulbum 143* Trace 29.7 
Leura 147 Trace 6.8 
Karri dale 139 0.2 8.7 
Mount Barker 136 Trace 3.0 
Woogenellup 130 0.1 3.0 
Green Range 130 Trace 29.7 
Junee 126 Trace 31.7 
• Goulbum flowers earlier than Mt Barker and Karridale in southern districts. 
Table I. Agronomic characters of varieties of subterranean clover 
.. 
Stipule, flower and leaf of Leura. 
Agronomic characters 
Denmark flowers three days later than 
Karridale and six days later than Mount Barker 
(see Table 1). Denmark contains only a trace of 
formononetin - less than 0.05 per cent of dry 
matter, and will not cause clover disease. It is 
relatively soft-seeded, being similar to Karridale 
but is more hard-seeded than Mount Barker 
(see Table 1). This level of hard-seededness is 
appropriate for long growing season areas, 
where cropping is rare. 
Denmark subterranean clover 
Denmark subterranean clover, named after the 
town on the south coast of Western Australia, 
has been selected as a replacement in this State 
for Karridale and Mount Barker. It also grows 
well in Tasmania and New South Wales and will 
be recommended in those States. 
Woogenellup was used for its early vigour in 
areas with a growing season of at least seven 
months. However, it does not persist well 
through short cropping phases and is suscepti- 
ble to clover scorch and root rotting organisms. 
Green Range, a replacement for Woogenellup, 
has resistance to clover scorch, but is very 
susceptible to leaf rust. Seed and hay produc- 
tion stands can suffer severe losses from rust, 
so Green Range has not been widely accepted. 
Other varieties currently recommended for the 
high rainfall zone (Junee, Trikkala, Larisa and 
Meteora) have more specialised uses. Other old 
varieties such as Dinninup and Y arloop are 
highly oestrogenic and can cause clover dis- 
ease. 
.. 
Stipule, flower and leaf of Gou/bum. 
Disease and pest resistance 
Goulburn has better resistance to a range of 
diseases than Woogenellup and Green Range 
(see Table 2). Goulbum has the clover scorch 
resistance of Green Range but also has strong 
resistance to leaf rust. It has much improved 
resistance to phytophthora root rot and some 
tolerance to powdery mildew and cercospora 
leaf-spot. 
Goulbum subterranean clover 
Goulburn has been selected for Western Aus- 
tralia as a replacement variety for many areas 
where Woogenellup and Green Range have been 
recommended. It is named after the town of 
Goulburn on the southern tablelands of New 
South Wales, being recommended in that State 
as a replacement for Woogenellup. 
Agronomic characters 
The flowering time of Goulbum relative to Mount 
Barker and Woogenellup varies with location. In 
Perth, Goulbum flowers about a week later than 
Mount Barker and two weeks later than 
Woogenellup (see Table 1). 
In more southern districts, Goulbum flowers a 
few days earlier than Mount Barker and about 
one week later than Woogenellup. Goulbum, 
therefore, is only recommended for the more 
southerly parts (south of Pinjarra) of the former 
Woogenellup/Green Range zone. 
Goulburn contains only a trace of formononetin 
(less than 0.05 per cent of dry matter - see 
Table 1). As with Woogenellup and Green Range, 
it will not cause clover disease. 
The dense seedling regeneration of Denmark has 
an impact throughout the season. It contributes 
to high herbage yields and the swards are more 
clover dominant - see Table 4 for the percentage 
clover in spring. During spring at the same three 
locations, Denmark averaged 13 per cent more 
clover herbage than both Mount Barker and 
Karridale. Part of this superiority is due to its 
greater resistance to clover scorch. 
Denmark competes better than other late- 
midseason varieties with grassy and broad- 
leaved weeds in grazed paddocks. 
Denmark produces high seed yields (see Table 5) 
and maintains high seed bank reserves, which 
largely explains its ability to produce high 
seedling numbers in regenerating swards. It 
should also be attractive to seed growers for the 
same reason. 
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Regeneration and feed production 
One of the outstanding features of Denmark is 
its capacity to regenerate dense swards in the 
autumn. This is important because the greater 
the seedling density, the greater the amount 
of herbage produced early in the season. 
Seedling densities of Denmark were 224 per 
cent of those of Mount Barker and 185 per 
cent of those of Karridale, averaged over three 
or four years at five sites (see Table 3). 
Individual seedlings of Denmark are slightly 
smaller than those of Mount Barker and 
Karridale. However, Denmark produces 
substantially more feed immediately following 
the break of season. Clover herbage yields of 
Denmark in winter at Manjimup, Vasse and 
Mount Barker averaged 71 per cent more than 
Mount Barker and 54 per cent more than 
Karridale. This is a significant improvement in 
feed production over the existing varieties at 
the time of greatest feed shortage - autumn- 
winter. 
Bramley Wilgarup Manjimup Mt Barker Vasse 
Sown: 1983 1983 1987 1987 1987 
No. years 
data: 3 4 3 3 3 
Variety 
Denmark 1470 2300 2470 1160 1350 
Goulburn 1770 2120 2230 1250 960 
Leura 1230 1650 1920 690 1060 
Karri dale 930 1600 940 850 570 
Mount Barker 530 950 1010 740 690 
Woogenellup 1000 1450 790 600 480 
Green Range 1170 780 680 
Junee 1440 1200 1470 950 710 
Table 3. Average autumn seedling regeneration densities (plants/sq. m) at five sites 
Table 2. Ratings of of sobtenaoean clover for important diseases 
I = hlgbly IIIICeplible, 9 = very resistant 
Variety Clover scorch Phytophthora Leaf rust 
root rot 
Denmark 9 8 5 
Goulbum 9 9 7 
Leura 6 9 8 
Karri dale 6 8 4 
Mount Barker 6 3 3 
Woogenellup 1 1 6 
Green Range 9 2 I 
Junee 9 3 4 
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The data from Manjimup in Table 4 show that 
Green Range has a similar clover dominance to 
Goulburn in the spring. However, later observa- 
tions in 1991 at both Manjimup and Mount 
Barker showed the Green Range plots were 
much more weedy than the Goulbum plots. 
Seed production 
Goulbum is an excellent seed yielder, produc- 
ing a large number of small seeds. It produced 
more seed and maintained higher seed banks 
than Woogenellup at all sites and was only 
outyielded by Green Range at Manjimup. 
Goulbum also is moderately hard-seeded, 
similar to Green Range and Junee and much 
more so than Woogenellup (see Table 1). This 
level of hard-seededness, coupled with its high 
seed producing potential, should enable 
Goulbum to persist strongly in the southern 
parts of the zone formerly recommended to 
Green Range and Woogenellup. It should also 
persist satisfactorily through short cropping 
rotations. 
Wilgarup Manjimup Mt Barker Vasse 
1983 1987 1987 1987 
5 3 3 3 
490 976 614 443 
520 940 752 642 
381 557 587 358 
416 999 645 259 
412 828 501 201 
474 613 509 270 
1079 575 552 
436 736 430 399 
Table 4. Average spring clover percentage lo regenerated swards at four sites 
Walpole Bramley Wilgarup Manjimup 
Sown: 1983 1983 1983 1987 
No. years 
data: 2 2 4 2 
Variety 
Denmark 70 71 65 91 
Goulburn 62 69 62 85 
Leura 60 53 56 91 
Karri dale 60 52 59 87 
Mount Barker 47 47 53 82 
Woogenellup 44 48 52 49 
Green Range 84 
Junee 53 53 53 78 
The advantage of the high clover scorch resist- 
ance of Goulburn was highlighted at the 
Manjimup site in 1988 and 1989. In both years, 
Woogenellup was severely damaged by clover 
scorch in spring, producing only 31 per cent of 
the clover yield of Goulbum. 
Goulbum swards maintain a higher clover 
dominance than Woogenellup throughout the 
season at all sites (see Table 4). This is the 
result of the high seedling densities of 
Goulbum. 
cent more clover herbage in autumn-winter 
than Green Range and 47 per cent more than 
Woogenellup over three years at Manjimup and 
two years at V asse. 
In spring, Goulbum produced the same clover 
herbage yields as Green Range at Manjimup, 
Vasse and Mount Barker. However, Goulbum 
outyielded Woogenellup by 81 per cent at these 
same sites. 
Karri dale Walpole Bramley 
Sown: 1982 1983 1983 
No. years 
data: 3 2 
Variety 
Denmark 784 430 640 
Goulbum 596 363 830 
Leura 480 227 477 
Karri dale 664 227 400 
Mount Barker 398 223 280 
Woogenellup 433 153 390 
Green Range 
Junee 614 187 370 
Table 5. Average seed yields (kg/ha) at seven sites 
Goulburn is as susceptible as other varieties to 
attack by redlegged earth mite at both seedling 
and adult stages. It has a similar level of toler- 
ance to bluegreen aphids as other varieties. 
Regeneration and feed production 
Like Denmark, Goulburn produces very high 
seedling densities in regenerating stands. 
Goulburn averaged 199 per cent of the density 
of Woogenellup at five sites over three or four 
seasons, and 164 per cent of Green Range at all 
three sites where it was tested (see Table 3). 
Even though Goulbum has smaller seedlings 
than Green Range and Woogenellup, it pro- 
duces substantially more green material at the 
break of the season. Goulbum produced 4 per 
1144-7-92 .. .7,200 
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Significant quantities of certified seed of Den- 
mark, Goulbum and Leura will be available for 
the 1993 season. Each will be placed under a 
limited seed certification scheme. 
Seed marketing and availability 
Each of the new varieties has been granted 
provisional protection under the Plant Variety 
Rights Act. Under the Act, there is no restriction 
on producing seed of these varieties for one's 
own use (farm saved seed). However, propaga- 
tion for sale can only be carried out by agree- 
ment with the licensees, Seedco (South 
Australian Seedgrowers Co-operative Ltd) for 
Denmark, a consortium of Pacific Seeds Pty Ltd 
and Harvey Seeds Pty Ltd for Goulbum, and 
Wright Stephensons for Leura. Sale includes 
exchange by way of a barter arrangement. 
Unauthorised propagation for commercial 
purposes or sale of these varieties is an infringe- 
ment under Section 40 of the Plant Variety Rights 
Act 1987. 
Much of the area suited to these varieties is 
liable to waterlogging. Therefore, they should be 
grown in a mixture with the white-seeded, . 
waterlogging-tolerant varieties Trikkala or Larisa. 
Trikkala is recommended for all but the wettest 
parts of the zone, where Larisa should be used. 
86 W.A JOURNAL OF AGRJCULTURE Vol.33 1992 
Recommendations 
The map shows the potential areas of use of 
Denmark and Goulburn in Western Australia. 
Denmark needs a minimum growing season of 
7.5 months for reliable persistence. It is suited 
to areas where Mount Barker and Karridale 
have been recommended previously, such as 
Margaret River, Pemberton, Denmark and 
Manypeaks. 
Goulburn needs a minimum growing season of 
seven months for reliable persistence. It is 
suited to most areas where Green Range and 
Woogenellup have previously been recom- 
mended, except for the VH3 area. Suitable 
districts include Busselton, Collie, 
Bridgetown, Mount Barker, Bremer Bay and 
Esperance south of Fisheries Road. 
On the drier margins of the Denmark recom- 
mendation zone, Goulbum should be grown in 
a mixture with Denmark. On the drier areas of 
the Goulburn zone, or on very sandy soils, 
Junee should be grown in a mixture with 
Goulbum. 
Leora subterranean clover 
The variety Leura, named after Mount Leura 
in south-western Victoria, has been selected 
for the very high rainfall areas of Victoria, 
New South Wales, South Australia and Tas- 
mania where its performance has been 
outstanding. However, it is not recommended 
in Western Australia 
In Western Australia, Denmark is preferred to 
Leura for the high rainfall zone - it has sup- 
erior clover scorch resistance, is not as late 
maturing (see Table 2) and has consistently 
performed better than Leura in field trials. 
Leura has had only 75 per cent of Denmark's 
seedling densities in Western Australian trials 
(fable 3), and as a result poorer initial 
herbage production. This is largely caused by 
its poorer seed producing ability (see Ta- 
ble 5). Spring herbage production of Denmark 
has averaged 4 per cent per cent greater than 
Leura and swards of Leura have not been as 
clover dominant as those of Denmark. 
In the most favoured subterranean clover 
regions in the eastern States, Leura's main 
advantage is its late spring production and its 
ability to remain green into early summer. 
This is largely a reflection of its later maturity. 
